Introduction
The n-alkanes are an example of a homologous series derived from the parent molecule ethane, C 2 H 6, by insertion of a requisite number of CH 2 repeat units, thus forming a linear chain with molecular formula C n H 2n+2 . The maximum number of carbon atoms for a n-alkane that has been experimentally described, n max , is 390 (Chickos and Nichols [1] ). The physical and chemical properties of the n-alkanes change in a regular manner with increasing n enabling their investigation not only from a thermodynamical point of view, but also on their dependence on n (Chickos [2] and Chickos and Sternberg [3] ). The odd-even effect in the melting temperature of the smaller n-alkanes and their approach to a nearly constant melting temperature (MT) at high n, for example, is well known. The limiting value for very high n is expected to be that of polyethylene, T ≈ 415 K. In the present paper we focus our attention to the MT of n-alkanes and some simple alkyl-derivatives. Due to the importance of this property in predicting phase changes and its use in connection with other physical quantities, many workers have focused their efforts to describe the dependence MT on n from both a thermodynamic and empirical-numerical based approach. Perhaps the simplest description of the MT with n is that proposed by McCoubrey and Ubbelohde [4a] and Broadhurst [4b] . The formula is T n = T n,max 5 5
where T n,max = 414.3 K.
Another simple formula is given by (Pechhold [5] (2) with T n,max =414.6 K. In the first approximation, for large n, Eq. (2) 
which is a hyperbolic function. A similar function is given by Eq. (5) below.
An additional very simple formula (Wunderlich [6] ) with a logarithmic term introduced to account for unpairing of the molecular ends in the melt that were aligned in the crystal:
where T n,max = 419.6 K. [4],dashed line-ref. [5] , dotted line-ref. [6] , open circles-ref. [1] .
Eqs.(1-3) compared with experimental values from ref. [1] are shown in Fig.1 . A thermodynamic approach has been presented by Flory and Vrij [7] . They expanded a molar free energy about T n,max = 418 K and this theory applied by Mandelkern and Stack [8] gave a good description of MT up to n = 100. Here, we extend the calculation to n = 390. The explicit relationship is Recently, Chickos and Nichols [1] published an equation which fit the experimental data of the even n-alkanes and similar homologs extremely well. Their hyperbolic formula is:
where T n,max = 411.3 K, the predicted melting temperature of polyethylene. For the even n-alkanes, m = 0.161 and b = 1.153; parameters were obtained by fitting Eq. (5) to experimental data and n is the number of repeat CH 2 units in the chain. For the odd n-alkanes, m = 0.172 and b = 0.948. Similar behavior was also observed with the odd and even n-perfluoroalkanes, although much less experimental data is available for these series. In this case, T n,max = 605 K, the MT of teflon. This formula was also applied to the estimation of boiling-temperature behavior of homologous series (Chickos [2] ), although no odd-even alternation was observed in this case. Eq.(5) can also be written as Eq. (5) and Eq.(5b) are graphically presented in Fig.2 . In Eq.(5b), the number of repeat units, n, is corrected by parameter p which may be considered as an equivalent number of CH 2 units needed to replace the two CH 3 end groups.
We now introduce a new description of MT. A formal modification of the Einstein model of a simple solid gives a simple physical interpretation of the MT curve. Our procedure is demonstrated in the following section.
The model
The total internal energy, E(T), per mol of simple solid, from the point of view of old quantum mechanics (Einstein [9] ), is given by 
The derivative of Eq. (7) is
Eq. (8) is the well-known relationship for specific heat capacity C V at constant volume in Einstein's model. The melting entropy of metals is nearly equal to R. This identifies the contribution that translation makes to the total entropy upon melting (Ubbelohde [10] ). It can also be argued that when entropy of melting is larger than (3/2)R, then some additional rotational and translational degrees of motion are contributing (Rubčić and Rubčić, [11] 
nearly the same as that for simple metals. It suggests that the CH 2 group may be treated as an entity analogous to an atom in a simple solid. It is now assumed that Eq. (8), after some transformation, can be used to describe the MT dependence of the even n-alkanes.
Such a formal transformation follows:
The constant T o is an arbitrary constant and in this model cannot be determined explicitly. It disappears in relevant relationships. Eq. (8) is now written as 
The thermodynamic relation:
can be written as:
with the following derivative: dn
where, according to Eq.(9) dS n /dn = 9.3 J mole
Here n is the number of repeat units. However, the end groups have to be taken into account by introducing their effective number n' of CH 2 units. Thus n ' n n + → . Eq. (11) where the small correction function:
However, this function is arbitrarily chosen as
and parameter p 1 is determined by a separate fit, while p 2 is taken to be numerically equal to T n,max . Eq.(13) may be written in short form [using x = n e /(n+n')] as
Results and discussion

Melting Temperatures of Homologous Series
Equations (1), (2), (3) and (5) Eq. (13) contains two parts which are fitted to experimental data separately. The dashed line is the first part denoted by E in Fig. 3 , while the dotted line at the bottom is the correction function f(n+n') and solid line is E+f(n+n'). Open circles are experimental data from ref. [1] . Note that the function f(n+n') differs from zero for n > 150. Comparison of three methods: the numerical one by Chickos and Nichols, the thermodynamic one by Flory and Vrij and by the present model (mEm) is graphically presented in Fig.(4) . One can notice that a significant deviation for small n appears for the thermodynamic model. It is expectable because the thermodynamic functions have been developed around the equilibrium temperature (T = 418 K) at large n. The numerical equation obtained after the fitting procedure for the even n-alkanes in (mEm) in the range 388 2 ≤ ≤ n (n is the number of repeat units) is given in Eq(13a) It is interesting to note that classification of n-alkanes as low-molecular weight with n < 60 and as high-molecular-weight with n > 60 has been proposed (Syunyaeva [12] ). The characteristic number 56 ≅ e n appears naturally in (mEm), which is close to 60 obtained by a different model.
Application of the mEm model to n-alkanes and similar homologs are demonstrated in Fig. 5 Experimental data are available for all substances up to n ≅ 50. For the even nalkanes, the mEm model was also applied up to n = 50; this is the reason the calculated parameters are different to those when n is extended to 390. Since the correction function f(n+n') is not effective in the range from n = 1 to n ≅ 50, only the first part of Eq. (13) was used in the fitting procedure.
The corresponding values of the parameters for the following homologous series are given in Tab.1 (r is the coefficient of correlation).
Tab. 1.
Values of n e and n' parameters for n-alkanes and their derivatives. Alkanes with methyl groups added are shown in Fig. 6 Some other homologs are examined, and graphical presentations are shown in Fig.7 .
The corresponding parameters are listed in Tab.3. Parameters for the n-alkylhalides are also included. Note that in our fitting procedure for the n-alkanes and for some other homologs, we used data for only an even number of repeat units n. For the even n-alkanes, the maximum value of n available is 390, while for the odd n-alkanes, the maximum value of n is only 67 (ref.1). The even-odd effect for the n-alkanes is illustrated in Fig. 8 .
Tab. 3.
Values of n e and n' parameters for homologues series including alkylhalides. Both even and odd members have almost the same limiting temperature T n,max = 358 K. Number n e is nearly equal for the even and odd homologs (within the errors), but n' is little different as a consequence of stronger interaction between end groups in the even homologs compared to the odd ones. Note that parameters in Tab.4, due to small range of n, are different compared to those presented in Eqs.(13a) and (13b).
b) Melting Temperatures of Successive Homologs
Recently, it was shown that the MT of the n-alkanes (Zenkevich, [13] ) could be subjected to a linear recurrence relationship of the second order where the melting temperature of a member of the even or odd series could be expressed linearly in terms of the melting temperature of the preceding homolog: This relationship is applicable for n up to 25, for which Eq. (14) was established.. According to available data up to n = 390, Eq. (14 ) is not adequate and instead of a linear function, we propose the following quadratic relationship:
The fit of Eq. (15) to experimental data is remarkably good, as shown in Fig. 9 . Note that both the even and odd n-alkanes follow the same curve. Similar behavoir is observed for alkyl derivatives of benzene, cyclopentane, and cyclohexane and the alkyl halides, as shown in Fig. 10 . Also shown are results for the 1-alkanols and alkanoic acids, which exhibit an increasing deviation with decreasing n. 
c) The Densities of Homologous Series
A disussion of how the density measured at 20 and/or 25 o C of homologous series is dependent on n now follows. The densities of the n-alkanes have been calculated using group additivity by the formula [13] . The calculated values show very good agreement with experimental ones, as shown in Fig. 11 . Note that all values in this figure were determined at 20 C and also that even-odd effect for densities of n-alkanes is less pronounced, compared to the similar effect in melting temperatures. Figure 12 correlates MT with density measured near the MT for the n-alkanes. Here, available density data of the low melting n-alkanes are used. Since both MT and density are expected to approach asymptotic limits for any homologous series which in the limit approaches polyethylene, a near linear relationship between the two properties might be expected as illustrated in Figure 12 for the n-alkanes. Figure 13 illustrates the dependence of density at T = 20 o C for several other homologous series. In this instance, the asymptotic limits are MT ≈ 420 K, ρ ≈ 0.85-0.95 g cm -3 [15] . The slope of these curves clearly depends on the nature of the end groups. 
